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Title 



METAL BUMP WITH AN INSULATING SIDEWALL AND METHOD OF 

FABRICATING THEREOF 

BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a metal bump and a 
10 method of fabricating thereof, and more particularly, to a 
metal bump with an insulating sidewall and a method of 
fabricating thereof . 



Description of the Related Art 

The attachment of a bared die to a glass panel (called 
is COG - chip on glass) is one advanced application for 
electrically connecting integrated circuits (ICs) achieving 
lighter weight, smaller size, lower cost and less power 
consumption demanded in various display products. 
Consequently, COG has been successfully adopted for small 
20 products (less than 4 in.), such as display panels for 
telephones and copiers, which have one or two chips, 
medium-size products (4-11 in.), such as video cameras and 
navigation systems, which require 3-12 chips, and large 
products (more than 11 in.) for notebook PCs. 

25 

The quality and reliability of the liquid crystal 
display (LCD) module depends on the way in which the driver 
IC is attached to the glass panel. Anisotropic conductive 
film (ACF) is the most popular material for attaching the 
30 chip to the glass panel. ACF is an adhesive film consisting 
of dispersed, microscopic , electrically conductive 
particles 3-15/xm in diameter and an insulating adhesive 
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film 15~35;zm thick. Various kinds of conductive particles, 
such as carbon fiber, metal (Ni, solder), and metal 
(Ni/Au) -coated plastic balls have been proposed, and the 
uniformity of the conductive particles distribution is 
5 considered an influence on the electrical property and 
reliability of ACF . Also, various types of adhesive 
materials, such as thermoplastic, thermosetting, and mixed 
thermoplastic and thermosetting materials have been 
proposed. In general, ACF is classified into two types. One 

10 has conductive particles 5jiim in diameter covered with a 
very thin insulating layer, wherein the thin insulating 
layer is broken when the particles are deformed, the bared 
conductive particles serving as a bridge for electrically 
connecting the metal bump on the chip and the bonding pad 

15 on the glass panel. However, the breaking of the conductive 
particles during the fabricating process cannot be ensured; 
therefore, there is no guarantee of effective contact 
between the metal bump and the bonding pad. The other type 
of ACF is a double-layer type, which consists of one layer 

20 filled with conductive particles 3 /im in diameter and the 
other layer with no conductive particles, so that the 
functions of conduction and adhesion are separated. This 
can ensure the effective contact between the metal bump and 
the bonding pad. Nevertheless, when too many conductive 

25 particles exist in the space between two adjacent metal 
bumps, a lateral connection between the two adjacent metal 
bumps is easily formed, resulting in an electrical short. 

Please refer to Fig.lA to Fig.lC. Fig.lA is a top view 
30 of the layout of a glass substrate 10 according to the 
prior art. Fig. IB is a top view of the layout of the 
predetermined area 15 shown in Fig.lA. Fig.lC is a top view 
of the layout of a chip 2 0 according to the prior art. A 
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glass substrate 10 of the LCD module comprises a first area 
12 for disposing an array of thin film transistors (TFTs) , 
a second area 14 for disposing data IC chips on the 
predetermined areas 15, and a third area 16 for disposing 
5 scan IC chips on the predetermined areas 15. Each 
predetermined area 15 comprises a plurality of first 
bonding pads 18. A chip 20 which is the data IC chip or the 
scan IC chip comprises a plurality of second bonding pads 
22, wherein each second bonding pad 22 corresponds in 
10 position to each first bonding pad 18 . 

Please refer to Fig.2A to Fig. 2D. Fig.2A to Fig. 2D are 
schematic cross-sectional diagrams of a method of 
connecting the chip 2 0 and the glass substrate 10 according 

15 to the prior art. As shown in Fig.2A, a schematic cross- 
sectional diagram along the line 2-2 shown in Fig. IB, an 
ACF 24 is attached to the surface of the glass substrate 10 
to cover the first bonding pad 18. As shown in Fig.2B, a 
schematic cross-sectional diagram along the line 2' -2' 

20 shown in Fig.lC, a metal bump 2 6 is fabricated on the 
second bonding pad 2 2 of the chip 20. As shown in Fig.2C, 
the surface of the chip 2 0 is downwardly placed on the 
predetermined area 15 of the glass substrate 10, wherein 
each metal bump 2 6 corresponds to a first bonding pad 18 of 

25 the glass substrate 10. By means of the adhesion of the ACF 
24 and the downwardly exerted pressure, the chip 2 0 is 
tightly attached to the glass substrate 10. A thermal 
process is then performed to cure the ACF 24. Therefore, 
the conductive particles 25 sandwiched between the top of 

30 the metal bump 2 6 and the surface of the first bonding pad 
18 serve as an electrically connecting bridge. However, as 
shown in Fig. 2D, the distribution of the conductive 
particles 25 cannot be controlled in processing, and 
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thereby many conductive particles 2 5 that exist between 
adjacent metal bumps 26 may laterally connect with each 
other to cause electrical shorts. Especially when the size 
of the metal bump 2 6 is incorrectly designed or the 
5 alignment between the metal bump 2 6 and the first bonding 
pad 18 is inaccurate, the conductive particles 25 are more 
easily laterally connected in the narrow distance between 
the two adjacent metal bumps 26. This will significantly 
decrease the functioning and reliability of the LCD module. 

10 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
metal bump with an insulating sidewall and a method of 
making thereof to prevent adjacent metal bumps from being 
15 electrically connected by the conductive particles in the 
ACF. 

The object of the present invention is to provide a 
plurality of metal bumps for connecting a nonconducting 
substrate and a chip. The metal bumps comprise at least a 

20 first metal bump having a first sidewall, the first 
sidewall comprising a first predetermined area; and at 
least a second metal bump having a second sidewall, the 
second sidewall comprising a second predetermined area 
adjacent to the first predetermined area; wherein at least 

25 the first predetermined area is covered with an insulating 
layer. In a first preferred embodiment, an insulating 
layer covers the entire sidewall of both the first and 
second metal bump. In a second preferred embodiment, 
predetermined portions of the first metal bump and the 

30 second metal bump are covered with an insulating layer. 

For example, the first predetermined area of the first 
sidewall may be covered with an insulating layer, while the 
second predetermined area of the second sidewall is also 
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covered with an insulating layer. Alternately, the first 
predetermined area of the first sidewall may be covered 
with an insulating layer, while a third predetermined on 
the second sidewall but outside the second predetermined 
5 area may be covered with an insulating layer. 

Another object of the present invention is to provide 
a method of forming a plurality of metal bumps, (a) Provide 
a chip whose surface comprises a plurality of metal pads, 
(b) Form the plurality of metal bumps on the plurality of 

10 metal pads respectively. The plurality of metal bumps 
comprises at least a first metal bump and at least a second 
metal bump. The first metal bump comprises a first sidewall 
having a first predetermined area covered with an 
insulating layer. The first predetermined area is adjacent 

15 to a second predetermined area on the sidewall of the 
second metal bump. 

It is an advantage of the present invention that the 
metal bump with insulating sidewall is effective in 
preventing electrical shorts caused by the conductive 

20 particles 35. This can widely improve the functioning and 
reliability of the LCD module. 

This and other objects of the present invention will 
no doubt become obvious to those of ordinary skill in the 
art after having read the following detailed description of 

25 the preferred embodiment which is illustrated in the 

f 

various figures and drawings. 



noted, the emphasis instead being placed upon illustration 
of the principles of advantages of the present invention. 
In the accompanying drawings : 



BRIEF DESCRIPTION OF THE DRAWINGS 



30 



The drawings referred to herein are to be understood 
as not being drawn to scale except where specifically 
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Fig.lA is a top view of the layout of a glass 
substrate according to the prior art . 

Fig. IB is a top view of the layout of the 
predetermined area shown in Fig.lA. 
5 Fig.lC is a top view of the layout of a chip according 

to the prior art . 

Fig.2A to Fig. 2D are schematic cross-sectional 
diagrams of a method of connecting the chip and the glass 
substrate according to the prior art. 
10 Fig.3A is a top view of a plurality of metal bumps 

according the first preferred embodiment of the present 
invention. 

Fig.3B is a cross-sectional diagram of the metal bump 
along line 3-3 shown in Fig . 3A for connecting a glass 
15 substrate and a chip 34. 

Fig.4A to Fig.4F are cross-sectional diagrams of a 
method of forming the metal bump shown in Fig. 3. 

Fig.SA to Fig.SF are cross-sectional diagrams of 
another method of forming the metal bump shown in Fig. 3. 
20 Fig.6A is a top view of the metal bump according to 

the second preferred embodiment of the present invention. 
Fig.6B is a cross-sectional diagram of the metal bump along 
line 6-6 shown in Fig.6A for connecting the glass substrate 
and the chip. 



25 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 



30 Please refer to Fig.3A and Fig.3B. Fig.3A is a top 

view of a plurality of metal bumps 42 according the first 
preferred embodiment of the present invention. Fig.3B is a 
cross-sectional diagram of the metal bump 42 along line 3-3 
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shown in Fig.3A for connecting a glass substrate 3 0 and a 
chip 34 . In the first preferred embodiment of the present 
invention, a metal bump 42 is employed to connect a first 
bonding pad 32 on a glass substrate 3 0 and a second bonding 
5 pad 36 on a chip 34 . The metal bump 42 is fabricated on the 
second bonding pad 36 of the chip 34, and the sidewall of 
the metal bump 42 is covered with an insulating layer 44 
for isolating adjacent metal bumps 42. When the chip 34 is 
downwardly placed on a predetermined area of the glass 

10 substrate 3 0 corresponding to the metal bump 42 at the 
first bonding pad 32, the adhesion of ACF 38 attached to 
the glass substrate 30 binds chip 34 on the glass substrate 
30. Accordingly, the conductive particles 39 that are 
sandwiched by the top of the metal bump 42 and the surface 

15 of the first bonding pad 32 serve as an electrically 
connecting bridge. In addition, since the insulating layer 
44 is formed on the sidewall of each metal bump 42, the 
conductive particles that exist between adjacent metal 
bumps 42 are isolated to prevent electrical shorts from 

20 being caused by lateral connection of the conductive 
particles 35. In areas where the second bonding pads 36 are 
tightly packed, the metal bump 42 with insulating sidewalls 
is effective in preventing electrical shorts from the 
conductive particles 35. This can significantly improve the 

25 functioning and reliability of the LCD module. 

Please refer to Fig.4A to Fig.4F. Fig.4A to Fig.4F are 
cross-sectional diagrams of a method of forming the metal 
bump 42 shown in Fig. 3. As shown in Fig.4A, the surface of 
30 the chip 34 comprises the bared second bonding pad 3 6 and a 
protective layer 40. In this embodiment, the second bonding 
pad 36 is made of aluminum, and the protective layer 40 is 
made of nitride for protecting the completed integrated 
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circuits on the chip 34 . According to a method of forming 
the metal bump 42 in the present invention, a photoresist 
layer 45 is firstly formed on the chip 34 . Then, a 
photolithography process and etching process are employed 
5 to define the pattern of the metal bump 42 and remove a 
predetermined area of the photoresist layer 45 so as to 
form a cavity 43 that exposes the second bonding pad 36, as 
shown in Fig.4B. Next, a metal layer 46 is deposited on the 
chip 34 to fill the cavity 43, and then the metal layer 45 

io positioned on the photoresist layer 45 is removed to level 
off the surface of the metal layer 45 positioned over the 
cavity 43, as shown in Fig.4C. After completely removing 
the remaining photoresist layer 45, as shown in Fig.4D, the 
remaining metal layer 46 serves as the metal bump 42. Next, 

15 the insulating layer 44 made of silicon oxide or silicon 
nitride is deposited on the chip 34 to cover the top and 
sidewall of the metal bump 42, as shown in Fig.4E. Finally, 
as shown in Fig.4F, by using a reactive ion etch (RIE) 
method to perform an anisotropic dry etching process, the 

20 insulating layer 44 positioned on the top of the metal bump 
42 and on the surface of the chip 34 is removed, while the 
insulating layer 44 positioned on the sidewall of the metal 
bump 42 remains. This completes the metal bump 42 with 
insulating sidewalls shown in Fig. 3. 



Please refer to Fig.SA to Fig.5F. Fig.5A to Fig.5F are 
cross -sectional diagrams of another method of forming the 
metal bump 42 shown in Fig. 3. According this method of 
forming the metal bump 42 in the present invention, a 



shown in Fig.SA. Then, by using a photolithography process 
and a first etching process, the pattern of the metal bump 
42 is defined and a predetermined area of the photoresist 



25 



30 



photoresist layer 45 is firstly formed on the chip 34, as 
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layer 45 is removed so as to form a first cavity 48, as 
shown in Fig.SB. The first cavity 48 exposes the second 
bonding pad 36 and part of the protective layer 40 that 
surrounds the second bonding pad 36. Next, as shown in 
5 Fig.SC, the insulating layer 44 is deposited on the chip 34 
to fill the first cavity 48. Next, a second etching process 
is performed to remove the insulating layer 44 positioned 
over the surface of the photoresist layer 45, the second 
bonding pad 3 6 and the protective layer 40, and remain the 

10 insulating layer 44 positioned on the sidewall of the first 
cavity 48 so as to form a second cavity 50, as shown in 
Fig.5D. Next, the metal layer 46 is deposited on the chip 
34 to fill the second cavity 50, and then the metal layer 
46 positioned on the photoresist layer 45 is removed to 

is level off the surface of the metal layer 46 positioned in 
the second cavity 50, as shown in Fig.SE. Finally, as shown 
in Fig.5F, after removing the photoresist layer 45, the 
metal layer 46 with the insulating layer 44 positioned on 
the sidewall is employed as the metal bump 42 as shown in 

20 Fig. 3. 

Second Embodiment 

Insulating layer 44 can achieve the purpose of 
25 isolating adjacent metal bumps 42 by covering only specific 
areas of the sidewalls of the metal bumps 42 . Please refer 
to Fig.6A and Fig.6B. Fig.6A is a top view of the metal 
bump 42 according to the second preferred embodiment of the 
present invention. Fig.6B is a cross-sectional diagram of 
30 the metal bump 42 along line 6-6 shown in Fig.6A for 
connecting the glass substrate 30 and the chip 34. 
According to the second preferred embodiment, the chip 34 
has a plurality of metal bumps 42 comprising at least a 
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first metal bump 421 and at least a second metal bump 422, 
wherein a first predetermined area 521 on the sidewall of 
the first metal bump 421 is adjacent to a second 
predetermined area 52 2 on the sidewall of the second metal 
5 bump 422. In order to isolate the first predetermined area 
521 and the second predetermined area 522 , a first 
insulating layer 441 is formed to cover the first 
predetermined area 521 on the sidewall of the first metal 
bump 421. No insulating layer is needed for covering the 

10 second predetermined area. With regard to other areas on 
the sidewall of the second metal bump 422, a second 
insulating layer 442 can be selectively formed on a 
specific area depending on the isolation effect in demand. 
The first insulating layer 441 isolates the conductive 

15 particles 39 that exist between the first predetermined 
area 521 and the second predetermined area 522 , preventing 
electrical shorts caused by the lateral connection of the 
conductive particles 3 9 . This improves the functioning and 
reliability of the LCD products. 



Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teaching of the invention. It is 
understood, for example, that only the two adjacent areas 



20 



25 



of the sidewalls of adjacent metal bumps could be covered 
with an insulating layer. Accordingly, the above 

disclosure should be construed as limited only by the metes 
and bounds of the appended claims. 
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